cXc chemokine receptors (cXcrs) and chemokines are involved in tissue development and homeostasis, including in cancer development and progression. To date, seven CXCRs have been identified. However, the expression of CXCRs and their influence on the occurrence and development of breast cancer (Bc) requires further investigation. In the present study, mRNA expression levels of the seven CXCRs were compared between normal tissues and several cancer types using the Oncomine database. Highly expressed CXCRs were selected and the expression levels of these CXCRs were examined in different subtypes of BC using the Gene Expression-Based Outcome for Breast Cancer database. Finally, the prognostic value of these CXCRs was examined using Kaplan-Meier plotter. It was found that, compared with normal controls, transcripts of CXCR4 and CXCR3 were significantly overexpressed in BC samples compared with other CXCRs. Survival analysis showed that high expression of cXcr4 promoted the recurrence of Bc but had no impact on overall survival (OS), while a high level of CXCR3 transcript expression was significantly associated with increased survival in patients with BC. With regards to different subtypes of BC, the present study revealed that high CXCR4 transcript expression was significantly associated with both longer relapse-free survival and oS only in basal-like Bc. Furthermore, cXcr4 promoted chemosensitivity in patients with basal-like BC and induced resistance against endocrine therapy for patients with luminal A BC. Thus, CXCR4 and CXCR3 are two distinct prognostic biomarkers and further studies are required.
Introduction
In 2018, breast cancer (BC) was expected to account for 30% of all new cancer diagnoses in women, and remains the principal cause of mortality from cancer in women worldwide (1) . recently, emphasis has been on the tumorigenesis of the immune system and immunotherapy for Bc (2) .
Chemokines, known as chemotactic cytokines, are a family of small molecular weight proteins (6-14 kDa) of the immune system, which bind to G protein-coupled receptors and participate in tissue maintenance and development, and in pathological conditions. chemokines can be divided into four types according to their structural differences: cc, cXc, XC, and CX3C (3) . Increasing evidence shows that CXCRs and their ligands affect some cancer-associated processes, including tumor cell activation, proliferation, invasion and migration (4, 5) . CXCR1-CXCR7 have been identified (6) . CXCR1/2 share ~76% sequence homology and bind to CXC ligand 8 (CXCL8) with similar affinities (7) (8) (9) . CXCR1/2 and CXCL8 play important roles in the initiation and transfer of inflammatory mediators, as well as in the related tumor growth and metastasis (10) . The CXCL9, -10, -11/CXCR3 axis contributes to tumor suppression by regulating immune cell development, differentiation and activation through paracrine signaling. However, the axis also promotes tumor progression and metastasis through autocrine signaling (11) . CXCR4, which is widely expressed on the surface of epithelial and endothelial cells (12) , is activated by cXcl12. This generates signals for a number of processes leading to tissue remodeling, including the homeostasis and development of normal tissues, hemopoiesis and angiogenesis. These roles make cXcr4 an important player in tumorigenesis (13) . CXCR5 is specifically expressed in Burkitt lymphoma and lymphoid tissues, and is important for B cell migration through its binding to cXcl13 (14) . it was reported that increased CXCR5 expression may result in increased survival and migration of McF-7 Bc cells that lack functional cellular tumor antigen p53 (TP53) (15) . CXCR6-positive cells are cancer stem cells that can generate tumors through the process of self-renewal and their ability to differentiate into multiple cell types, which may also play a role in the mechanism of CXCR6 in tumor progression (16) . CXCR7 is also expressed in different types of cancer and on tumor-associated vasculature. emerging evidence also reveals its participation in metastasis and tumor progression (16) .
individual cXcrs have discrete roles in cancer development and progression. nevertheless, the contributions of distinct CXCRs to BC tumorigenesis need to be explored. Thus, in the present study, large databases were mined for transcription expression information about CXCR family members in BC and normal tissues. Finally, the expression levels of CXCR family members were analyzed in diverse subtypes of BC and the prognostic value of CXCR family members in BC was assessed.
Materials and methods
Oncomine database analysis. The transcript expression levels of different CXCRs in a variety of cancers were analyzed using the publicly available cancer microarray database oncomine (http://www.oncomine.org), which contains numerous datasets, including The cancer Genome atlas (TcGa) dataset. in the present study, the thresholds were set as follows: Data type, mRNA; gene rank, all; fold change, 2; P-value, 0.01. The differences in expression between cancer specimens and normal control datasets for CXCR family members were compared.
Gene expression-based outcome for breast cancer (GOBO) database analysis. The transcript levels of specific CXCRs in BC subtypes were analyzed using the GOBO database (http://co.bmc.lu.se/gobo). The GOBO database contains gene expression data about 1,881 BC samples and 51 BC cell lines from experiments conducted using Affymetrix microarrays (17) .
Survival analysis using the Kaplan-Meier (KM) plotter. The KM plotter tool (http://kmplot.com/analysis/) can be used to evaluate the influence of the expression of 54,675 genes on survival in 10,461 cancer samples, including relapse-free survival (rFS) and overall survival (oS), to determine the prognostic values of cXcrs in 5,143 Bc patients.
The effects of specific CXCRs on the prognosis of BC were studied, according to the following criteria: All patients with BC; the four molecular subtypes of BC, according to the 2013 St. Gallen criteria (18) , were basal-like [estrogen receptor (er) and progesterone receptor (Pr) absent, human epidermal growth factor receptor-2 (HER2) negative], luminal A [ER and PR positive, HER2 negative, Ki-67 'low' (<14%)], luminal B [ER positive, HER2 negative and at least one of the following: Ki-67 'high' (≥20%), PR 'negative or low' (<20%) or ER positive, HER2 over-expressed or amplified, any Ki-67, any PR], HER2 (HER2 over-expressed or amplified, ER and PR absent); other characteristic molecular markers; related optimal treatment for different Bc molecular subtypes, for example, basal-like BC with chemotherapy, luminal A BC with endocrine therapy and luminal B BC with both chemotherapy and endocrine therapy. The results are presented using KM curves, with the hazard ratio (HR) with 95% confidence intervals (95% CI) and the P-value for the log-rank test displayed.
Results

CXCR4 and CXCR3 are significantly overexpressed in BC.
To date, it has been determined that there are seven cXcr family members expressed in a variety of human cancer types ( Fig. 1 ). Utilizing the Oncomine database for gene expression analysis in Bc, 15 out of 50 analyses met the threshold for CXCR4 in 9 out of 13 datasets, while 6 out of 43 analyses met the threshold for cXcr3 in 5 out of 10 datasets. no fold change >2 was found between BC samples and normal tissues for the transcript expression of CXCR1 (fold change=1.074; P= 0.163; Fig. 2A ), CXCR2 (fold change=-1.095; P= 0.795; Fig. 2B ), CXCR5 (fold change=1.119; P=1.87x10 -4 ; Fig. 2G ), CXCR6 (fold change=1.713; P=7.19x10 -5; Fig. 2H ) and CXCR7 (fold change=-2.448; P=1.000; Fig. 2I ).
The analysis showed that the CXCR3 transcript was significantly elevated in BC samples compared with normal tissues. The CXCR3 transcript level was 2.200-fold (P=1.52x10 -9 ) higher in Bc samples in a large-sample dataset from TcGa database ( Fig. 2c) . Similarly, in a previous study by curtis et al (19) , CXCR3 was elevated by 2.857-fold (P=4.20x10 -11 ) in BC compared with normal samples (Fig. 2D ).
The transcript level of CXCR4 was 2.079-fold (P=2.69x10 -10 ) higher in BC compared with normal samples in a 593-sample dataset from TcGa database ( Fig. 2e ). Furthermore, in a 59 sample dataset from a previous study by Finak et al (20) , CXCR4 mRNA expression was increased by 7.230-fold (P=8.95x10 -19 ) in BC tissues compared with normal samples (Fig. 2F ).
In different breast cancer cell lines, the Neve (21) expression and intensity of cXcr3 and cXcr4 differ (Figs. 3e and 4e), which may provide a reference to the selection of cell lines for basic experiments.
Expression of CXCR4 and CXCR3 in different molecular subtypes of BC. In the present study, CXCR4 and CXCR3 were identified as being overexpressed in BC. To further explore the expression of CXCR4 and CXCR3, their expression levels were analyzed in different molecular subtypes of BC. The dataset from a previous study by Farmer et al (22) revealed that CXCR4 was increased by 1.496-fold (P=5.75x10 -4 ) in basal-like Bc samples compared to luminal-like Bc samples ( Fig. 3A) , while CXCR3 showed no significant difference between these two subtypes of BC (P=0.18; Fig. 4A ).
Basal-like subtype can be classified as basal A and basal B. In GOBO analysis, CXCR4 expression in luminal-like BC was statistically higher (P=0.01784) than in the basal A or basal B subtypes of BC, and the basal-like subtype of BC expressed higher levels of CXCR4 (P<0.00001) than in the luminal A or luminal B subtype ( Fig. 3B-d ). The hormone receptor sensitive subtype of BC was not significantly different (P= 0.12853) than the triple negative BC (TNBC) or HER2 subtypes in terms of CXCR4 expression ( Fig. 3D ). But, CXCR3 showed no significant difference in expression among the different molecular subtypes of Bc ( Fig. 4B-d ).
CXCR4 expression predicts better survival in patients with ER-negative/TP53-mutated basal-like BC, in patients with basal-like BC treated with chemotherapy and in patients with luminal A BC not treated with endocrine therapy. The prognostic value of CXCR4 in BC was evaluated and indicated that high expression of CXCR4 was significantly associated with a poorer RFS (HR=1.18; P=0.0028) in all patients with BC ( Fig. 5A ). In Fig. 6A , a high CXCR4 transcript level was not significantly correlated with better OS (HR=1.01; P=0.9) in all patients with BC.
Subtype analysis showed that a high level of CXCR4 transcript expression was positively correlated with a longer RFS in both TP53-mutated (HR= 0.5; P= 0.0048) and basal-like BC (HR= 0.77; P= 0.043), while no statistical significance was found in TP53 wild-type or other molecular subtypes of BC ( Fig. 5B-F and G) . Similarly, the analysis also revealed that high transcript levels of CXCR4 were statistically correlated with better OS in patients with basal-like BC (HR= 0.52; P= 0.01) and in ER-negative BC (HR= 0.65; P= 0.034; Fig. 6B -F and G).
High CXCR4 mRNA expression was statistically associated with a better RFS (HR= 0.42; P= 0.00095) and OS (HR= 0.4; P= 0.035) in patients with basal-like BC treated with chemotherapy (Figs. 5H and I, and 6H and I). However, high expression of CXCR4 was significantly correlated with a poorer RFS (HR=1.44; P=0.045) in patients with luminal A BC treated with endocrine therapy ( Fig. 5J and K) .
High CXCR3 mRNA expression is correlated with a longer survival in patients with TP53-mutated/basal-like BC. High Fig. 8c-i) .
Discussion
In the present study, the expression of CXCR family members was examined in different tumors, and it was indicated that CXCR4 and CXCR3 were highly expressed in BC. Subsequent analyses were performed to determine whether a correlation was present between the expression of cXcr4 and cXcr3 in the different molecular subtypes of BC, and the survival rates associated with their expression. The results indicated that the mRNA expression of CXCR4 was statistically higher in patients with basal-like BC than in other subtypes, which is consistent with a previous report (23) , and may explain why basal-like BC has a poorer prognosis than other subtypes. Survival analysis showed that high CXCR4 mRNA expression in BC promoted the recurrence of Bc, but did not have an impact on oS. There are many confounding factors influencing OS, including non-cancer-related mortality and participation in clinical trials. Two previous meta-analyses (24, 25) demonstrated that low CXCR4 mRNA expression in patients with BC is associated with better survival, including progression-free survival, disease-free survival and oS. in the present study, it was found that the impact of low CXCR4 mRNA expression on RFS is consistent with these previous studies (24, 25) , while the results showed no difference in OS. The heterogeneity in OS between the combined meta-analysis studies is high (i 2 =70% and P<0.00001; I 2 = 84.2% and P<0.001) (24, 25) . There is a discrepancy in the OS rates among the present study and previous studies (24, 25) . Therefore, larger sample-sizes and high-quality trials are needed to show significance. In the present study, CXCR4 was found to be involved in BC tumorigenesis and to act as a prognostic biomarker for BC, based on its high expression and correlation with survival. a stratified analysis revealed that high cXcr4 levels in basal-like Bc predicted a good clinical outcome, both in terms of RFS and OS. Basal-like BC accounts for >70% of TNBC cases. Previous studies using small-sample sizes found the opposite result and support a negative role of cXcr4 in TNBC (26, 27) CXCR4 is thought to play an important role in promoting the proliferation, recurrence and metastasis of Bc, and may contribute to an adverse prognosis (28) . However, a recent study reported that CXCR4 inhibitors were not efficient at inhibiting the growth of TNBC and even promoted the metastatic spread in 25% of cases (29) . Therefore, this previous study indirectly supports the hypothesis that high cXcr4 expression predicts a favorable prognosis in TNBC. High CXCR4 mRNA expression does not always promote migration. For example, Ierano et al (30) found that histone deacetylase inhibitors induced CXCR4 mRNA expression but antagonized cXcr4-mediated migration by inhibiting cXcr4 protein. in addition, the present study revealed that, as in patients with basal-like BC, high expression of CXCR4 predicted a better RFS and OS in patients with ER-negative and TP53-mutated Bc, respectively. This may be because an er-negative status and TP53 mutation are features of TNBC (31) . However, not all basal-like Bc is TnBc (32) , and as such, there may be discrepancies in the comparison between previous studies and the present study. Thus, more studies are required to clarify the relationship between CXCR4 expression and basal-like Bc (or TnBc), and to understand the underlying molecular mechanism.
Next, the relationship between CXCR4 expression in different subtypes of BC was examined. Patients with basal-like BC are predominantly treated with chemotherapy. The results of the present study indicated that patients with basal-like BC and with high CXCR4 expression after chemotherapy have a more favorable prognosis, indicating that high expression of CXCR4 may increase the sensitivity of chemotherapy in basal-like BC. At present, few studies have reported on the relationship between the expression level of CXCR4 and the efficacy of chemotherapy, and these studies have used animal models or cell lines. For example, researchers found that cXcr4 induces chemoresistance in acute myeloid leukemia cells (oci-aMl3) and in colon cancer cells (HT-29 and SW480) (33, 34) . Furthermore, liang et al (35) reported that the silencing of cXcr4 sensitized TNBC cells to cisplatin. However, chemotherapy for basal-like BC typically consists of paclitaxel and anthracyclines. Another previous study showed that patients with BC have decreased expression of CXCR4 and HER2 after neoadjuvant chemotherapy, indicating that these two genes may be a part of the mechanism of chemotherapy in BC (36) . These previous studies may not support the results of the present study; therefore, more clinical trials are required to elucidate the role of CXCR4 in the efficacy of different chemotherapy regimens in basal-like BC. Furthermore, more experiments are required to understand the underlying molecular mechanism. To the best of our knowledge, the present study was the first to show that patients with luminal A BC and with high levels of CXCR4 expression after endocrine therapy have a shorter RFS than those with a low level of CXCR4 expression. Therefore, the present study indicated that cXcr4 may be a cause of resistance to endocrine therapy. rhodes et al (37) found that the effects of CXCR4 overexpression were correlated with stromal cell-derived factor-1-mediated activation of downstream signaling through ERK1/2 and p38 MAPK. CXCR4 overexpression was also associated with increased ER-mediated gene expression, indicating that increased CXCR4 signaling is sufficient to drive ER-positive breast cancer to a metastatic and endocrine therapy-resistant phenotype through enhanced MaPK signaling. as patients with luminal A BC are usually only treated with adjuvant endocrine therapy (38) , the efficacy of treatment can be predicted using CXCR4 expression.
The number of studies about CXCR3 in BC is fewer than that for cXcr4. cXcr3 has three isoforms, cXcr3-a, cXcr3-B and cXcr3-alt. cXcr3-a and cXcr3-B are the predominant isoforms and have different roles in BC; signaling through CXCR3-A promotes tumor growth while CXCR3-B High mRNA expression of CXCR4 was associated with longer RFS in patients with (F) TP53 mutation, but not in patients with (G) wild-type TP53. High mRNA expression of CXCR4 was associated with longer RFS in patients with (H) basal-like BC who had received chemotherapy, while it was not associated with RFS in (I) patients who had not received chemotherapy. High mRNA expression of CXCR4 was associated with shorter RFS in patients with (J) luminal A BC who had received endocrine therapy, and was not associated with RFS in (K) patients who had not received endocrine therapy. CXCR, CXC chemokine receptor; BC, breast cancer; RFS, relapse-free survival; HER2, human epidermal growth factor receptor 2; TP53, cellular tumor antigen p53; HR, hazard ratio. prevents cancer cell proliferation (39) . a previous study found that cXcr3 inhibition is effective in both Bc and host compartments (40) , while another previous study revealed that CXCR3 deficiency induced cancer development by promoting macrophage M2 polarization in a murine BC model (41) . Thus, CXCR3 has multifaceted roles; it mediates the recruitment of tumor-infiltrating lymphocytes into the cancer microenvironment, resulting in a favorable clinical outcome by inhibiting tumor development and metastasis, and high expression of cXcr3 can promote tumor cell proliferation, migration and invasion, contributing to poor survival rates for patients (42) . In the present study, it was found that CXCR3 is a favorable factor in several subtypes of Bc, this is especially the case in basal-like Bc.
in conclusion, cXcr4 and cXcr3 are significantly highly expressed in BC in comparison with normal samples.
CXCR4 was found to be an adverse prognostic factor in BC; however, for basal-like BC, CXCR4 predicted a better prognosis. CXCR3 was found to be a favorable predictive factor in patients with BC. Furthermore, CXCR4 promoted chemosensitivity in patients with basal-like BC and induced resistance to endocrine therapy in patients with luminal A BC. 
